Short term flicker severity Pst is an important index to measure the power quality in the IEC standard, and the accurate calculation of Pst is the precondition to improve power quality. In order to improve the calculation accuracy of Pst, a novel method based on atomic decomposition and the real-coded quantum evolutionary algorithm is proposed to calculate the short time flicker severity Pst. Its core is that, firstly, on the basis of the Gabor complete atomic library, the real-coded quantum evolutionary algorithm is used to optimize the atomic parameters instead of using the matching pursuits algorithms, thereby improving search efficiency. Secondly, atomic decomposition technique based on real-coded quantum evolutionary algorithms is adopted to analyze harmonic components of the voltage fluctuation signal of power systems, which improves analysis ability. Finally, the proposed method is used to calculate Pst to improve calculation accuracy. Simulation experiment shows that based on the atomic decomposition and real-coded quantum evolutionary algorithm, the calculation results of the short time flicker severity Pst for power systems have higher precision compared with the results of other methods. This proves the validity and applicability of the proposed method.
Introduction
With the development of the power market, most consumers have paid more and more attention to the quality of power, especially voltage [1] . The high-power load used in power grids causes rapid changes in power load. The power system has faced so much electrical pollution, such as power harmonics, voltage fluctuation, flicker and three-phase voltage imbalance. It also causes direct or potential harm to the safe operation of the power system. So, it is important to monitor power quality in real time and to take reasonable measures to improve the power quality based on the monitoring data.
Voltage fluctuation and flicker are important indicators of power quality [2] . Short term flicker severity Pst is a major comprehensive index that measures the quality of the power in the IEC standard, and the accurate calculation of Pst is the basis for monitoring power quality. In the past, FFT, which has some shortcomings such as spectrum leakage and fence effect, is used to calculate Pst.
This low calculation accuracy of Pst has a poor actual application effect. Literature [3, 4] has put forward modifications of the FFT algorithm to overcome the shortcomings, but the interpolation cannot really fundamentally eliminate the influence of spectrum leakage and the fence effect. It is difficult for interpolation to improve the accuracy of calculation. At the same time, the IFFT algorithm is seriously affected by the noise [5, 6, 7, 8] .
In recent years, the atomic decomposition technique, which was presented by Mallat and Zhang to decompose the signal based on a complete atom library, has been widely used in the field of signal processing [9, 10] . The atomic decomposition process uses essentially a series of related signals to approximate the original signals, and the original signal can be reconstructed in a smaller amount of computation, while parameters of the signal can be selected. The signal decomposition uses the matching pursuits algorithm [11] . That is to say, at each iteration, an atom is selected from the atomic library to match the residual component of the signal, and then the signal is expressed as a linear combination of the most matched atoms.
The atomic decomposition provides a new way to calculate the short time flicker severity Pst in power systems [12, 13] . In this paper, a real-coded quantum evolutionary algorithm and an atomic decomposition based power system short time flicker severity Pst calculation method is proposed [14] . The atomic decomposition is applied to a power system short-term flicker severity Pst calculation. We take into account the existence of the MP algorithm, such as a large amount of computation and a search space for discretization [15, 16, 17] . In the discontinuous search space, it is impossible to find the global optimal solution. So, we use a real-coded quantum evolutionary algorithm to optimize the matching algorithm. Finally, simulation experiments show that the proposed method can greatly improve the calculation accuracy of the short time flicker severity Pst [18, 19, 20] .
Atomic decomposition
Suppose that D = {gk, k = 1, 2, …, K} is an over-complete set in Hilbert space. If the element k g in D is similar to the structure of signal f , the base of signal f can be flexibly selected from D by the characteristics of the signal itself. Because D is complete and non-orthogonal, k g is no longer a true sense of the base, which is renamed to the atom, and then D is called the atomic library, which can get a sparse decomposition of the signal f .
where k C is a constant coefficient.
In order to obtain a more concise and flexible sparse representation of the signal f , we need to select the atomic combination of the whole and local features of the best matching signal in a complete atomic library. That is, we need to minimize the energy of the error signal.
Gabor time-frequency atom has been widely used because of its good time-frequency resolution and time-frequency aggregation. The Gabor atom is made up of Gauss's function through expansion, translation and modulation. Its real expression is: is the Gauss function; K is the normalization factor; s is the scale parameter and represents the span of the atom in the time domain. u is the displacement factor, which represents the center position of the atom in the time domain envelope.  is the frequency factor, which represents the center of the atom in the frequency domain envelope.  is the phase factor, which represents the initial phase angle of the envelope atomic signal. From Formula (3) we can see that the The over complete atomic library obtained by Formula (3) is infinite, so it cannot be used in the actual situation. We need to discretize the time-frequency parameters of atoms in the atomic library to form a finite atomic library and ensure its completeness of the signal. The discretization method for atomic time-frequency parameters in the atomic library is: suppose 
The related parameters in Eq. 
where   R t is a signal and   f t is the residual signal after decomposition.
Then, the residual signals are decomposed by the same decomposition. It is selected from the atomic database in its most matching atom. By similar continuous iteration, when the accuracy requirements are met, the decomposition will stop. The signal can be expressed as
where
is a small constant and describes the size of the error after signal decomposition. So, we can use the m atoms that have been selected to approximate the original signal. That is:
Real-coded quantum evolutionary algorithm
In Ref. [11, 12] , a real-coded chromosome, whose allele is composed of one component of variable vector X and probability
n , in RQEA is represented as:
where n is the length of the chromosome and lies on the dimensions of variable vector X.
The single-gene mutation is adopted to update the population at each iteration in RQEA. Assume that RQEA maintains a population x using the Gaussian mutation, which is expressed as:
denotes the Gaussian distribution variance, and its value is designed as:
To avoid generating the infeasible solution, the value of
is clipped according to Eq. (12) . Until the value of 1, , t k j i x lies in the feasible solution space, Eq.(5) has to be performed repeatedly.
If the feasible solution derived from Eq. (10)
, then the valid evolution is carried out, and
. Otherwise, the invalid evolution is done, the feasible solution L L ,1
is retained, and   ( , )
is updated by quantum rotation gates as:
is the rotation angle, and the value of   , t j i is designed as:
where  sgn( ) is the sign function that determines the direction of   ,
and  0 is the initial rotation angle;  is evolutionary scale.  0 ,  and   From Eq. (13) and (14), we can see that, with an increase of iterations t , the value of , The process of discrete crossover operator can be explained as follows: firstly, select k excellent individuals from a population by the order of fitness value, and  k N . Then, for each excellent individual 
, 0.5
where   (10) are strongly correlated, discrete crossover operator would play an important role on preventing algorithms from being trapped in the local optima.
Calculation process and steps of the short time flicker severity Pst
The calculation method of IEC definition of the short time flicker severity st P is that, firstly, for the voltage fluctuation caused by the random variation of the load, the instantaneous visual sense of   S t is sampled at equal intervals within a long enough time of observation T (at least 10min). Secondly, we classify the   S t data, count the probability distribution of each level, and then obtain the probability distribution function (CPF) by the probability of each level of data distribution. Finally, according to CPF, level the statistical evaluation of flicker, that is, calculate flash st P . It can be seen that the instantaneous visual sensation directly reflects the influence of the voltage fluctuation on the human visual perception, which is the key point of the calculation. We can define the instantaneous value of the visual sense of the discrete   S t curve on the value of t p for the instantaneous flicker. According to the calculation method of the short time flicker severity defined by IEC, the calculation steps can be described as:
Step1：Sample the continuous voltage signal   u t to the discrete voltage signal   
where m du is the sine voltage fluctuation value whose frequency is m f at the unit instantaneous flicker value.
Step4：The instantaneous flicker value i p is divided into L level by dividing the observation time T , because i p is equal interval data, the probability of data distribution in the class can be expressed by the frequency of the corresponding
where l N is the number of data distribution in class.
Step5：According to the probability of data distribution ( ) P l a histPPogram can be obtained, and then form CPF. The CPF obtained by the instantaneous flicker value i P reflects the percentage of the instantaneous flicker value T over a certain limit of time to the observation time i P . For the instantaneous flicker value CPF curve of the random variation load, the short time flicker severity st P is calculated by the 5 prescribed values, they are as follows： 0.5 0.1 1 3 10 50
(0.0314 0.0525 0.0657 0.28 0.08 )
and P50are the perceived unit value, which are instantaneous flicker value Pi over 0.1%,1%,3%,10% and 50% time during observation time T over 0.1%, 3%, 10% and times separately. Simulation test is carried out on the IEC standard to provide sinusoidal wave voltage and rectangular wave voltage at different frequencies. Table 1 and Table 2 were both compared with the experimental results. Due to limited space, Figure 2 and Figure 3 show the decomposing process of the sine wave and rectangular envelope signal with frequency of 8.8H using RQEA-Atom. It can be seen from Table 1 and Table 2 that the proposed method for the sinusoidal fluctuation voltage and rectangular wave voltage has high accuracy, obviously better than FFT method and IFFT method, On the one hand, the calculated si P by FFT method appears larger vibration, the calculated si P by IFFT method is not stable enough. However, the calculated si P by the method in this paper is very stable. On the other hand, the FFT method has a very poor accuracy in calculating si P . The IFFT method has a greater degree of improvement compared with the FFT method. However, the method in this paper has better accuracy than the FFT and the IFFT. Obviously, the proposed method is not only very precise, but also very stable.
From Figure 2 , we can see that the 8.8Hz sine wave envelope signal was decomposed by the RQEA-Atom, and the amplitude and frequency of the envelope signal are 0.249999V and 8.799998Hz respectively. They are close to the actual values with a very high precision. Figure 2 (c) depicts the error in reconstructing the envelope signal using the first decomposition results. It can be seen that the method is able to reconstruct the sine wave signal with high precision. From Figure 3 (b) , it can be seen that the fundamental frequency of the envelope extracted by the first atomic decomposition is 0.317558V and the frequency is 8.800864. They are close to the theoretical value of 0.318309V and 8.8Hz. From Figure 3 (d) and (f), we can know that the third harmonic and fifth harmonic are extracted from the envelope after the second and third atomic decomposition. The method can reproduce the rectangular wave signal with high accuracy.
Conclusions
In this paper, the spectrum of the envelope of voltage fluctuation signal is analyzed by using the method of atomic decomposition. Using real-coded quantum evolutionary algorithm to optimize the MP matching algorithm, a new method to calculate the st P of the short time flicker severity in power system is presented. Simulation results show that the proposed method is used to calculate st P with high accuracy, and that it is very stable. The method based on atomic decomposition and real coded quantum evolutionary algorithm not only provides a new way for the calculation of st P in power systems, but also provides a tool for solving similar problems in related fields.
